Introduction {#S0001}
============

Type 2 diabetes mellitus (T2DM) is an expanding global health problem, which is closely linked to the epidemic of obesity. Obesity and lack of exercise are the two main risk factors of this disease, although some people are more genetically at risk than others. At present, India and China have the first and second largest number of T2DM patients.[@CIT0001] These patients are usually at high risk for both macrovascular complications (such as cardiovascular comorbidities) and microvascular complications (such as retinopathy).[@CIT0002] Meanwhile, the continuous medical care and the huge economic burden usually lead T2DM patients to suffer from mental health problems.[@CIT0003] Generally speaking, most T2DM patients need a strict diet, blood glucose monitoring, hypoglycemic drug, and even moderate physical exercise during the treatment.[@CIT0004]

Treatment strategy of T2DM is mainly involved in controlling the blood glucose level, improving the insulin sensitivity and β‑cell function, and reducing the micro and macrovascular complications. In addition, managing the mental health of T2DM patients is also very helpful. Our previous study found that the combined application of antidepressant therapy and hypoglycemic drug could yield a better glycemic control.[@CIT0005] Nowadays, several classes of anti-diabetic medications are available in clinical practice. Metformin is recommended as the first-line treatment for T2DM patients, but should not be used in those with severe liver or kidney problems.[@CIT0006] The mechanism of action of metformin is that it could suppress the hepatic glucose production, and then lead to the reduction in hemoglobin A1c (HbA1c) and fasting plasma-glucose (FPG).[@CIT0007]--[@CIT0010] However, the multiple pathogenetic disturbances present in T2DM dictate that the combined application of multiple anti-diabetic medications is needed to maintain normoglycaemia.[@CIT0002]

In recent decade, the combination of metformin and sulphonylurea drugs (such as glimepiride and repaglinide) is the most frequently applied. Glimepiride and repaglinide are two relatively new oral hypoglycemic drugs. The mechanism of action of glimepiride is that it could decrease the blood sugar by stimulating pancreatic beta cells to release insulin and by increasing the activity of intracellular insulin receptors.[@CIT0011] The repaglinide could close the ATP-dependent potassium channels in the membrane of beta cells, which results in calcium influx and then induces the insulin secretion.[@CIT0012] Previous study reported that both drugs could effectively decrease blood glucose in newly diagnosed T2DM patients.[@CIT0013] Derosa et al, found that both drugs could improve glycemic control and reduce the levels of other metabolic parameters of interest in T2DM patients.[@CIT0014] However, the consistent evidence is still lacking on which one, glimepiride plus metformin or repaglinide plus metformin, is better in treating T2DM. Therefore, we conducted this meta-analysis to compare the short-term efficacy and safety of glimepiride plus metformin and repaglinide plus metformin in treating T2DM.

Methods {#S0002}
=======

Literature research {#S0002-S2001}
-------------------

The literature research dating up to August 2018 was conducted in the following databases: Cochrane Library, MEDLINE, PubMed, Web of Science, PsycINFO, Embase, CNKI, and CBM-disc. The used search terms in this study included: "diabetes", "repaglinide", "glimepiride", "metformin", "novonorm", "prandin". Language restriction was not used here, for the purpose of mitigating language bias. To avoid omitting potential randomized controlled trials (RCTs), the conference summaries and the references listed in the included studies were also checked.

Inclusion/exclusion criteria {#S0002-S2002}
----------------------------

The inclusion criteria of this meta-analysis included: i) using the criteria of American Diabetes Association to diagnose T2DM patients;[@CIT0015] ii) RCT with T2DM patients randomly assigned to either receive glimepiride plus metformin or repaglinide plus metformin; iii) the treatment time was no more than 12 weeks; and iv) all patients provided the written informed consent, and the RCT was approved by the Ethical Committee. Meanwhile, the exclusion criteria of this meta-analysis included: i) retrospective studies, case reports, reviews, and duplicate studies; ii) patients with other forms of diabetes besides of Type II; iii) patients with liver and kidney dysfunction, malignant tumors, and severe physical illness; and iv) patients during the gestation period.

Data extraction {#S0002-S2003}
---------------

Two authors (JX and JJC) independently checked the potential studies according to the inclusion/exclusion criteria, and conducted the data extraction. The relevant data in the qualified RCTs were extracted and saved according to the Cochrane data extraction template. Any disagreement between these two authors was resolved by group discussion. The following data were obtained from the included RCTs: i) published year, age, sex ration, number of patients, treatment time and medication dose; ii) the decreased HbA1c, FPG and 2h plasma glucose (2hPG) levels after short-term treatment; and iii) adverse events and hypoglycemia. The decreased HbA1c, FPG, and 2hPG levels were used as the primary outcome to assess the efficacy of these two treatment modalities. The adverse events and hypoglycemia were used as the secondary outcome to assess the safety of these two treatment modalities.

Statistical analysis {#S0003}
====================

The meta-analysis was carried out using Review Manager (RevMan 5). The standardized mean difference (SMD) and odds ratio (OR) were calculated in this study for the randomized studies.[@CIT0016] The SMD was used as a summary statistic when the included studies assessed the same outcome. It represented the size of treatment effect in each study relative to the variability observed in that study. The SMDs lower than 0 favor the repaglinide plus metformin, and OR less than 1 also favor the repaglinide plus metformin. The effect size and its corresponding 95% confidence interval (CI) were calculated for each outcome. It was assumed that the randomized studies might have diverse true treatment effects; therefore, we selected the Mantel-Haenszel random-effects model to calculate the effect size.[@CIT0017] Moreover, this method was also much better than the Mantel-Haenszel fixed-effects model, when the heterogeneity was existed.[@CIT0018] Egger's test was used here to assess the potential presence of publication bias. The sensitivity analysis was conducted when appropriate. This meta-analysis was strictly conducted according to the recommendations of Sacks et al[@CIT0019].

Results {#S0004}
=======

Searching results {#S0004-S2001}
-----------------

The literature research in this study was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines ([Figure 1](#F0001){ref-type="fig"}). At first, we obtained 306 potentially relevant studies from the databases. After carefully checking according to the aforementioned inclusion/exclusion criteria, 11 RCTs were included.[@CIT0020]--[@CIT0030] The data were extracted from these qualified studies and subsequently analyzed. The exclusion reasons included: i) duplicates (n=40); ii) retrospective studies, case reports, and reviews (n=35); iii) repaglinide or glimepiride as monotherapy in treating T2DM (n=154); iv) the treatment time was more than 12 weeks (n=25); and v) the combination of repaglinide or glimepiride with other medications in treating T2DM (n=41). In total, there were 844 T2DM patients in the 11 RCTs. The average age of patients was approximately 53 years. The treatment time was 12 weeks in 10 RCTs and 8 weeks in one RCT. The detailed information was described in [Table 1](#T0001){ref-type="table"}.Table 1Clinical characteristics of the patients in the included randomized controlled trialsStudyAge, yearsMale/FemaleRepaglinideGlimepirideMetforminTimeOutcomesnMethodnMethodYu[@CIT0020]35--6042/38400.50--1.0 mg, tid402.0--4.0 mg, qd0.75--1.5g,qd8 weeksB,CRen and Ge[@CIT0021]42--6840/24320.50--1.5 mg, tid322.5--7.5 mg, qd0.75--1.5g,qd12 weeksA,B,C,D,EJiang et al,[@CIT0022]37--6924/24520.50--1.5 mg, tid521.0--4.0 mg, qd0.50--1.5g,qd12 weeksA,B,C,D,EKong[@CIT0023]30--7059/53570.50--4.0 mg, tid551.0--6.0 mg, qd0.50, qd12 weeksA, B, C, D, ELi[@CIT0024]35--8765/55600.50--2.0 mg, tid601.0--8.0 mg, qd0.50, qd12 weeksA, B, CLi et al,[@CIT0025]40--6530/26280.50--1.0 mg, tid283.0--6.0 mg, qd0.75, qd12 weeksA, B, C, DWang and Zhang[@CIT0026]36--7236/22290.50--1.5 mg, tid521.0--4.0 mg, qd0.50--1.5 g, qd12 weeksA, B, C, D, ETian[@CIT0027]24--7746/44450.50--2.0 mg, tid521.0--8.0 mg, qd0.50--2.0 g, qd12 weeksA, B, CCheng[@CIT0028]38--7230/26270.50--1.0 mg, tid292.0--4.0 mg, qd0.75 g, qd12 weeksB, C, DDimic et al,[@CIT0029]58(average)27/33302.0 mg, tid303.0 mg, qd2.0 g, qd12 weeksA, B, C, EZhao[@CIT0030]31--72N.A.450.50, tid452.0 mg, qd0.75 g, qd12 weeksA, B, C[^1] Figure 1Workflow of literature research.

Decreased HbA1c level {#S0004-S2002}
---------------------

Totally, nine studies assessed the decreased HbA1c level in the two groups. The treatment time was 12 weeks in all of these studies. The SMDs of four studies were more than 0, which favored the glimepiride plus metformin. The SMDs of other studies were less than 0, which favored the repaglinide plus metformin. Finally, the pooled SMD was −0.06 (95%CI=−0.27, 0.15) for the random-effects model ([Figure 2](#F0002){ref-type="fig"}). These results favored the repaglinide plus metformin in decreasing the HbA1c level. The results of Egger's test (*p*=0.39) showed that this conclusion was not influenced by the potential publication bias. Meanwhile, the results of meta-regression analysis demonstrated that the efficacy had a negligible relationship with the baseline HbA1c levels.Figure 2Meta-analysis of the decreased HbA1c level in the two groups.

Decreased FPG level {#S0004-S2003}
-------------------

All of the included studies assessed the decreased FPG level in the two groups. The SMDs of five studies were more than 0, which favored the glimepiride plus metformin. The SMDs of four studies were less than 0, which favored the repaglinide plus metformin. The SMDs of two studies were 0, which indicated the same efficacy of these two methods. Finally, the pooled SMD was −0.02 (95%CI=−0.18, 0.13) for the random-effects model ([Figure 3](#F0003){ref-type="fig"}). These results favored the repaglinide plus metformin in decreasing the FPG level. The results of Egger's test (*p*=0.51) showed that this conclusion was not influenced by the potential publication bias. Meanwhile, the results of meta-regression analysis demonstrated that the efficacy had a negligible relationship with the baseline FPG levels. The sensitivity analysis was conducted after excluding the study with 8 weeks of treatment, and we obtained the similar results (SMD=−0.05, 95%CI=−0.21, 0.11).Figure 3Meta-analysis of the decreased FPG level in the two groups.

Decreased 2hPG level {#S0004-S2004}
--------------------

The 11 included studies assessed the decreased 2hPG level in the two groups. The SMD of one study was more than 0, which favored the glimepiride plus metformin. The SMDs of nine studies were less than 0, which favored the repaglinide plus metformin. The SMD of one study was 0, which indicated the same efficacy of these two methods. Finally, the pooled SMD was −0.39 (95%CI=−0.66, −0.12) for the random-effects model ([Figure 4](#F0004){ref-type="fig"}). These results favored the repaglinide plus metformin in decreasing the 2hPG level. The results of Egger's test (*p*=0.27) showed that this conclusion was not influenced by the potential publication bias. Meanwhile, the results of meta-regression analysis demonstrated that the efficacy had a negligible relationship with the baseline 2hPG levels. The sensitivity analysis was conducted after excluding the study with 8 weeks of treatment, and we obtained similar results (SMD=−0.43, 95%CI=−0.72, −0.14).Figure 4Meta-analysis of the decreased 2hPG level in the two groups.

Safety assessment {#S0004-S2005}
-----------------

There were seven studies reporting the adverse events. In these studies, 19 of 232 patients receiving repaglinide plus metformin and 32 of 232 patients receiving glimepiride plus metformin reported adverse events. The adverse events included: hypoglycemia, mild nausea, evanescent eruption, and upper abdominal discomfort. No significant difference in adverse events was observed between the two groups, although fewer patients reported adverse events in the repaglinide plus metformin group. The pooled OR was 0.55 (95%CI=0.26, 1.16) ([Figure 5](#F0005){ref-type="fig"}).Figure 5Meta-analysis of the adverse events in the two groups.

There were five studies reporting the hypoglycemia. In these studies, 16 of 177 patients receiving repaglinide plus metformin and 27 of 195 patients receiving glimepiride plus metformin experienced hypoglycemia. No significant difference in hypoglycemia was observed between the two groups, although fewer patients experienced hypoglycemia in the repaglinide plus metformin group. The pooled OR was 0.64 (95%CI=0.22, 1.88) ([Figure 6](#F0006){ref-type="fig"}).Figure 6Meta-analysis of the hypoglycemia in the two groups.

Discussion {#S0005}
==========

This meta-analysis was based on 11 RCTs. The 844 T2DM patients were randomly assigned to either receive repaglinide plus metformin or glimepiride plus metformin. The results showed that the estimated SMDs favored the repaglinide plus metformin in decreasing HbA1c and FPG levels, although no significant difference was observed between the two groups. Meanwhile, the repaglinide plus metformin was significantly more effective in decreasing 2hPG levels than glimepiride plus metformin. In addition, fewer patients reported adverse events and experienced hypoglycemia in the repaglinide plus metformin group. These results indicated that the repaglinide plus metformin might have some advantages over glimepiride plus metformin in the short-term treatment of T2DM, and should be further explored.

Compared to glimepiride, repaglinide has a fast onset and short duration of action, which could effectively enhance the early insulin secretion.[@CIT0031] When combined application with metformin, it could produce a stronger synergistic effect in decreasing the plasma glucose level by improving the islet B-cell function and insulin resistance. With the prolongation of treatment time and the increase of drug concentration, it is difficult to separate the glimepiride and its receptor after binding. Then, the islet B-cells were continuously stimulated until its apoptosis.[@CIT0032] Unlike glimepiride, repaglinide could restore the physiological pattern of insulin secretion. It not only does not continue to stimulate the islet B-cells, but also has a protective effect on the islet B-cells. Previous study found that the metformin has a direct protective effect on the secretory function of the islet B-cells that were exposed to high glucose and high-fat environment for a long time.[@CIT0033] Therefore, the repaglinide plus metformin might be more appropriate for T2DM patients, especially these patients with impaired islet B-cell function.

Limitations of this meta-analysis should be mentioned here: i) many included studies were conducted in China, which might limit the generalisability of these results;[@CIT0034]--[@CIT0036] ii) only the short-term efficacy and safety was assessed here; thus, future studies are still needed to compare the long-term efficacy and safety of these two methods; iii) there was heterogeneity that was probably caused by the diverse true treatment effects of the included RCTs; and iv) the dose of repaglinide or glimepiride was not exactly the same in the included studies.

In conclusion, based on the results from the meta-analysis of 11 RCTs, our study firstly compared the short-term efficacy and safety of repaglinide plus metformin versus glimepiride plus metformin in treating T2DM. The results showed that the repaglinide plus metformin was significantly more effective in decreasing 2hPG levels than glimepiride plus metformin. Meanwhile, the repaglinide plus metformin caused fewer adverse events and hypoglycemia during 12 weeks of treatment. Therefore, we thought that the repaglinide plus metformin should be the first choice in treating T2DM patients between these two methods, and should be further explored.
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[^1]: **Abbreviations:** M, male; F, female; NA, not available; y, year; w, week; tid: three times a day; qd: quaque die. A, the decreased HbA1c level; B, the deceased fasting plasma glucose level; C, the deceased 2h plasma glucose level; D, adverse events; E, hypoglycemia.
